B26 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Oi 

International Bureau 



(43) International Publication Date 
2 February 2006 (02.02.2006) 



I lllllllllllllllllll 

(lft) International Publication Number 

WO 2006/010268 Al 



(51) International Patent Classification : 
C08G 73/02, D21H 21/20, 17/54, 23/32 



(21) International Application 



K v l7CA2tX>5/W0IIS6 



(22) International Filing Date: 29 July 2005 (29.07.2005) 
(25) Filing Language: English 



(26) Publication Language: English 

(3(1) Priority Data: 

60/592,1 45 30 July 2004 (30.07.2004) US 

60/620,447 21 October 2004 (21.10.2004) US 

(71) Applicant (for alt designated States except US): MCMAS- 
1 TER UNIVERSITY [CA/CA]; 1280 Main Street West, 
| Hamilton, Ontario L8S 4K1 (CA). 

; (72) Inventors; and 

| (75) Inventors/Applicants (for US only): PELTON, Robert, 
: H. [CA/CA]; c/o JHE-136, Department of Chemical En- 
: gineering, McMaster University, 1280 Main Street West, 
I Hamilton, Ontario LSS 4L7 (CA). LU, Chen [CA/CA] ; c/o 
= JHE-374, Department of Chemical Engineering, McMaster 
I University, 1280 Main Street West, Hamilton, Ontario LSS 
1 4L7 (CA). 



C08F 30/06, (74) Agent: RIDOUT & MAYBEE LLP; 150 Metcalfe Street, 
19th Floor, Ottawa, Ontario K2P 1P1 (CA). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, B A, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ, 
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, 
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, 
VN, YU, ZA, ZM, ZW. 



(84) Designated States ( unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, B Y, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI. 
FR, GB, GR, HU, IE. IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI. SK, TR), OAPI (BF, BJ, CE CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TO, TG). 

Published: 

— with international search report 

— with amended claims 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: POLYMERIC BORONIC ACID DERIVATIVES AND THEIR USE FOR PAPERMAK1NG 




(I) 



* (57) Abstract: Polymeric compounds of formula I comprising boronic acid are provided. These polymeric compounds are prepared 
j cither by grafting boronic acid containing compounds (e.g. 4-carboxyphcnylboronic acid) to hydrolyscd poly(N-vinylformamidc) 
> or hydrolysing copolymer^) obtained by copolymerizing vinyl group containing boronic acid monomers (e.g. -vinylphenyl boronic 
J acid) and N-vinylformaraide. These polymeric compounds are used in increasing the wet strength of paper in paper-making pro- 
j cesses.Formula (I). 



O 



WO 2006/010268 



PCT/CA2005/001186 



POLYMERIC BORONIC ACID DERIVATIVES AND THEIR USE FOR 
PAP E RMAKIN G 

FIELD OF THE INVENTION 

This invention relates to polymers, in particular polymer derivatives which 
contain boronic acid. The invention also relates to uses of such polymers and 
complex compounds containing same in papermaking. 

BACKGROUND OF THE INVENTION 

Both paper .wet web strength and paper wet strength have always been 
desired strongly by papermakers. Paper wet web strength refers to the ability of 
a never-dried paper web on a paper machine to resist breakage. Low wet-web 
strength can lead to frequent breaks which interrupt production and lower paper 
machine efficiency. On the other hand, paper wet strength refers to the strength 
of re-wetted paper. Good wet strength is necessary for many commercial paper 
products; such as filter papers, sanitary tissues, and packaging papers. 

The paper web Is mainly a matrix of fibers. The ability of the wet web to 
resist tearing depends upon both the strength of fiber-fiber bonds and the ability 
of the fiber network to stretch. 1 Since wet webs contain as much as 85% water 
at the end of the forming section, modern paper machines usually support the 
web through to the press section where water content is about 50%. Under 
these conditions capillary forces and mechanical entanglement are the primary 
contributors to fiber-fiber bonding and wet web strength. 2 ' 3 The standard 
approaches to improving wet web strength are to decrease the water content or 
increase the long fiber fraction. 4 However, increased costs or lower production 
rates limit these options. Two polymeric additives, chitosan and cationic 
aidehyde starch, were proposed to enhance wet web tensile strength by cross- 
linking fibers, 5, 5 Unfortunately, both polymers are impeded at alkaline 
conditions, which are preferred for the modern papermaking process. Chitosan 
is water soluble only at acidic condition, while the adhesion of cationic aldehyde 
starch to fibers is weakened significantly at above neutral pH. 7 

A wide range of commercial additives have been applied by papermakers 
to increase paper wet strength. Under acidic papermaking conditions, urea- 
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formaldehyde resins and melamine-formaldehyde resins are preferred. Whereas, 
wet-strength resins based on polyamine-epicholorohydrln chemistry are favored 
under neutraf and alkaline conditions. B It was proposed that upon drying, wet- 
strength resins cross-link with themself and also form covalent bonds with paper 
5 fibers, leading to increased paper wet strength. 9 However, most commercial 
wet-strength resins are not environmentally friendly. At the same time, they are 
not stable under aqueous conditions and can only be stored for a short period of 
time. Recently, much research work has focused on developing highly efficient 
and stable green additives to increase paper wet strength. Examples are 
10 poiyvinylamine 10 , polyelectrolyte complexes 11 , and borate/guar gel 12 . 

SUMMARY OF THE INVENTION 

Disclosed herein are novel polymer derivatives comprising boronic acid, 
which have the ability to increase both paper wet web strength and wet strength. 
Under alkaline conditions, boronic acid becomes sp 3 hybridized (-B(OH) 3 ) and 

15 forms esters (i.e. covalent bond) with cis diols on carbohydrates and polyols. 13 
However, there is evidence that in an amine-rich environment, esterification can 
occur at pH values as low as 6. 14 A number of applications of boronic acid 
derivates have been described in the literature. For example, boronic acid- 
containing hydrogel was proposed as a bio-sehsor of glucose. 15 

20 In one aspect, the invention relates to polymeric compounds having 

general formula 1 or 1A: 
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wherein Ri and R s are each independently selected from H, C t to C 5 branched or 
non-branched alkyl, substituted or non-substituted cyciic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom; 

R 2 , R 3 , R 6 and R 7 are each independently selected from H, Ci to C 6 branched or 
5 non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom or R 2 and R 3 and/or R 6 
and R 7 are together involved in a ring which is optionally substituted; 

Q is selected from Ci to C 12 branched or non-branched alkyl, substituted or non- 
substituted cyciic alkyl, substituted or non-substituted phenyl and substituted or 
10 non-substituted fused alkyl or phenyl ring, optionally Q bears a cationic group, 
an anionic group or is a ring including a hetero atom; and 

x, y and z are the numbers of the repeating monomer units; x is selected from 1 
to about 100,000 or more; y and z may be 0 or range up to 100,000 or more. 

Preferred embodiments of the above general formula are as follows: 
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HO OH 

2 



m = 0, 1, 2, 3 or 4; 

Ri, R.2, R 3, R 4 , Rs, Re and R 7 are as defined above. 

Ri is selected from H, Ci to C 6 branched or non-branched alkyl, substituted or 
non-substituted cyclic alkyl, substituted or non-substituted phenyl, cationic 
group, anionic group, neutral group, and a ring including a hetero atom; 




2A 
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3 



The. invention further relates to compounds of the general formula 4: 




wherein R lr Q, x and y are as defined above. 
Preferred embodiments of the above formula 4 are: 
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In other aspects, the invention further relates to the following: 
A process for the preparation of a polyamine boronic acid derivative which 
comprises: 

(a) reacting a vinyl-containing boronic acid with a N-vinyl amide to 
5 obtain a polyamide boronic acid derivative; and 

(b) hydrolyzing the amide to yield the polyamine boronic acid 
derivative. 

A process for the preparation of a polyamine boronic acid derivative which 
comprises reacting a polyamine with a boronic acid-containing compound to yield 

10 the polyamine boronic acid derivative. 

Compounds having the general formulae described above may. be 
introduced during a manufacturing process to increase the wet web strength of 
paper or a web of cellulose fibers in a paper-making process, these compounds 
may be selected from the following: polyamine boronic acid derivative, 

15 polyamide boronic acid derivative, polyamine polyamide boronic acid derivative, 
polyamino acid boronic acid derivative, cationic boronic acid-containing polymer, 
anionic boronic acid-containing polymer, neutral boronic acid-containing polymer, 
and modified particles from boronic acid introduced on the surfaces of latex 
particles, microgel particles, or inorganic particles, boronic acid-containing 
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polyvinyiamine, boronic acid-containing polymethylvinylamine, boronic acid- 
containing pofyallylamine, boronic acid-containing polyethyleneimine, boronic 
acid-containing poly(N,N-dimethyl-aminoethyl methacrylate), boronic acid- 
containing po!y(N,N-dimethyl~aminoethy1 acryiate), boronic acid- containing 
5 poly(4-aminostyrene), poly(diallyldimethylammonium), boronic acid-containing 
polyvinylpyridine, and boronic acid-containing chitosan, boronic acid-containing 
poly(acrylic acid), boronic acid-containing poly(methacrylic acid), boronic acid- 
containing poly(maleic acid), boronic acid-containing polystyrene sulfonate, 
boronic acid- containing polyvinyl sulfate, and boronic acid- containing 

io polyvinylphosphate, boronic acid- containing, polyacrylamide, boronic acid- 
containing poly(N-isopropylacrylamide), boronic acid-containing poly(ethylene 
• oxide), boronic acid-containing polymethacrylamide, and boronic acid -containing 
poly(N-vinylpyrrolidinone). 

In addition, for such a purpose one may use a complex solution comprising 

15 a compound according to any one of the above named compounds and a 
hydroxyl-containing macromolecule or a complex solution comprising a 
compound according to any one of the above-named compounds and a 
compound selected from the group consisting of cationic water soluble polymers, 
anionic water soluble polymers, nonionic water soluble polymers, latex particles, 

20 microgel particles, and inorganic particles. 

The invention further comprises a process of treating a cellulose film 
comprising: 

1. providing a solution of a compound or a complex solution according 
to the invention in a pH buffer solution; 
25 2. soaking the cellulose film in the solution; and 

3. rinsing the cellulose film using the pH buffer solution; 
optionally: 

4. pressing against one another two cellulose films obtained from steps 
1 through 3; and 

30 5. separating the two films while measuring the peel force. 

Said treatment may improve characteristics of the film, including one or 
more of paper wet web strength, paper wet strength, flocculation,, coating 
formulation, adhesive and underwater adhesive. 
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The invention is further described herein by way of specific examples, 
However, it will be understood that the full scope of this invention is not 
restricted to such examples, which are intended merely to illustrate 
embodiments of the invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a reaction scheme showing the preparation of a polymeric 
boronic acid derivative according to the invention. 

FIGURE 2 is a reaction scheme showing the preparation of a polymeric 
boronic acid derivative according to the invention. 
10 FIGURE 3 is a reaction scheme showing the preparation of a polymeric 

boronic acid derivative according to the invention. 

FIGURE 4 is a reaction scheme showing the preparation of a polymeric 
boronic acid derivative according to the invention. 

FIGURE 5 is a reaction scheme showing the preparation of a 
15 polyvinylamine boronic acid derivative according to the invention. 

FIGURE 6 is a reaction scheme showing the preparation of a 
polyvinylamine boronic acid derivative according to the invention. 

FIGURE 7 Is a reaction scheme showing tine preparation of a 
polyvinylamine boronic acid derivative according to the invention, 
20 FIGURE 8 is a reaction scheme showing the preparation of a 

poiyvinylamrne boronic acid derivative according to the invention. 

FIGURE 9 illustrates the delamination peel force of two cellulose films 
■ treated with M105-1 and HP-guar complex solution using the "soaking" method. 
The error bars are the standard deviations of the mean based on four 
25 measurements. 

FIGURE 10 illustrates the effect of boronic acid content on the ability of 
BPVAm polymers to increase the adhesion between cellulose films. The error 
bars are the standard deviations of the mean based on four measurements. 
0.015 M MES buffer was used to adjust solution pH to 7.3. All the BPVAm 
30 polymers were prepared by grafting 4-carboxyphenylboronic acid to 
polyvinylamine 105 (150 kDa). The concentrations of aii the BPVAm polymers 
used were 50 mg/L. The concentration of PVAm 105 was 500 rng/L 
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FIGURE 11 illustrates the pH effect on the delamination pee! force of two 
cellulose films treated with M8182-1 and HP-guar complex solution using 
"soaking" method. The error bars are the standard deviations of the mean based 
on four measurements. 0.015 M Tris buffer was used to adjust solution pH to 
5 10.3 and 9.0, while 0.015 M MES buffer was used to adjust the solution pH to 
lower values. 

FIGURE 12 illustrates the pH effect on the delamination peel force of two 1 
cellulose films treated with M 105-1 and HP-guar complex solution using the 
^coating" method. Each point was the average of two measurements. 0.015 M 
10 carbonate buffer was used to adjust solution pH to 9.5, while 0.015 M MES buffer 
was used to adjust solution pH to lower values. 

FIGURE 13 illustrates the delamination peel force of two cellulose films 
treated with M104-1 and HP-guar complex solution using the "coating and 
drying" method. The error bars are the standard deviations of the mean based 
15 on four measurements. 

DETAILED DESCRIPTION 

Boronic acid-containing poly vinyla mine (BPVAm) of formula 3 was 
prepared and found to improve paper wet web strength. Under alkaline 
conditions, boronic acid becomes sp 3 hybridized (-B(OH) 3 ) and form esters (i.e. 

20 covalent bond) with cis diols on carbohydrates and polyols. However, there is 
evidence that in an amine-rich environment, esterification can occur under 
neutral and acidic conditions. Thus, it is believed that boronic acid-containing 
polyvinylamine could react with cellulose (the main component of paper fibers) in 
the presence of water and function as cross-linking agents to increase paper wet 

25 web strength under a wide range of pH conditions (pH=3 to 10.3). Furthermore, 
BPVAm is particularly effective when used in conjunction with a water soluble 
carbohydrate such as hydroxypropyl guar (HP-guar). 

Alternatively, other boronic acid-containing polymers can be used to 
replace BPVAm to increase the wet web strength. At the same time, boronic 

30 acid-containing polymers can form aqueous complexes with other hydroxy! 
group-containing polymers, such as polyvinyl alcohol), starch, and dextran. 
Furthermore, cationic boronic acid-containing polymers can form complexes with 
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anionic polymers and anionic boronic acid-containing polymers can form 
complexes with cationic polymers. The resulting complexes are also expected to 
increase paper wet web strength. 

Finally, BPVA and HP-guar complex couid also improve paper wet strength. 
5 The paper wet strength refers to the strength of the wetted paper. In this 
situation, the paper sheet is dried and wetted again, compared to the wet web 
strength, which refers to the strength of never dried paper. 

The preparation is described below of a polymeric compound of formula 3: 




3 



Within the above formula, the ratio of x/(x+y) or x/(x+z) or x/(x+y+z) 
10 will vary, thus changing the boronic acid content. The above ratio may vary so 
as to vary the boronic acid content within the range of 0-30%, with the preferred 
range being 4-28% and the most preferred range being 5-10%. This "most 
preferred" range has been selected in part on the basis of cost effectiveness. It 
will be seen that increasing the boronic acid content increases the delamination 
15 peel force; however, a commercially optimal range is as described above. A 
polymer comprising the above monomers may be prepared within a range of 
about 100 Da to about 10,000,000 Da, and potentially higher. The preferred 
range is about 10,000 Da to 100,000 Da. 

z represents an unreacted amide monomer, which is optionally present in 
20 the polymer. . 
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Polymers according to the invention form bonds in an aqueous 
environment, permitting an enhanced wet web strength, thus potentially 
increasing the paper machine's speed. 

Preparation of BPVAm of Formula 3 

5 Commercial poiyvinylamine (PVAm) ZD1989/104 (M=34 kDa), 

ZD1989/105 (M=150 kDa), and PoiyminRPR 8182 (M=1.5 MDa) were obtained 
from BASF. Since all three PVAm polymers were synthesized from poly(N-vinyl 
formamide) by hydrolysis, they were further treated using 5% NaOH at 70°C for 
six days to remove residual formamide groups. Then, they were dialyzed against 

10 water for ten days and freeze-dried. Hydroxypropyl guar (HP-guar) with a 
degree of substitution of 0.36 was obtained from Rhone-Poulenc. 4- 
vinylphenylboronic acid, 4-carboxyphenyiboronic acid, N-vinylformamide, 
chitosan (medium molecular weight), N-(3-dimethylaminopropyl)-N'- 
ethylcarbodiimide hydrochloride (EDC), 2-(N-morpholino)ethanesulfonic acid 

15 . (MES), and tris(hydroxymethy!)aminomethane (Tris) were purchased from 
Sigma-Aldrich. Sodium bicarbonate, sodium dodecyl sulphate, and potassium 
persulfate were purchased from BDH. Cellulose membrane tubes (Spectra/Por, 
molecular weight cut off 12-14 kDa) were "supplied by Spectrum Labs. All 
experiments were performed with water from a Millipore Milli-Q system fitted 

20 with one Super C carbon cartridge, two ion-exchange cartridges, and one 
Organex Q cartridge. 

Phenylboronic acid-containing poiyvinylamine (BPVAm) was prepared by 
two methods. For the first method, designated "grafting method", PVAm and 4- 
carboxyphenylboronic acid were first dissolved in water and the solution pH was 

25 adjusted to 6.1 using 0.1 M MES buffer. Afterwards, EDC was introduced into 
the PVAm solution and the reaction was carried out at room temperature for two 
hours. The product was dialyzed against water for 8 days and freeze-dried. 
Table 1 shows the preparation recipes of five BPVAm polymers using the 
"grafting method". For the second method, designated "copolymerization 

30 method", BPVAm was prepared by copolymerizing p-vinylphenylboronic acid and 
N-vinylformamide. During the reaction, 0.2 g p-vinylphenylboronic acid, 2.3 g N- 
vlnylformamide, and 0.06 g sodium dodecyl sulphate (SDS) were first dissolved 
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in 47.5 mL water in a reaction vessel. After the solution reached the thermal 
equilibrium at 70°C, 0.02 g initiator potassium persuifate was introduced to start 
the polymerization. The polymerization was carried out under nitrogen 
environment for 24 hours. Afterwards, 5 g sodium hydroxide was added to the 
5 reaction vessel and the reaction was further carried out for 72 hours at 70°C. 
The product was diaiyzed against water for 4 days and freeze-dried. 

The average molar percentages of monomer units containing boronic acid 
of BPVAm polymers (boronic acid content) were determined by proton NMR using 
a Bruker DRX-200 spectrometer at 30°C. 4 g/L BPVAm solution (in D 2 0) was 

10 first loaded into an NMR sample tube, which was then place into the NMR 
spectrometer. During the recording of each NMR spectrum, a 6.7 us puise (90 
degree) width was used, and a delay time of 2.5 s was inserted between 
successive acquisitions. 100 scans were carried out for each spectrum. Table 1 
shows the boronic acid contents of the 6 BPVAm polymers. 

15 The ratio of x/(x+y) or x/(x+z) in the polymers described herein varies 

between 0 to 1. The molecular weight of those polymers can be from relatively 
low to very high, therefore x, y and z can be almost any number. The preferred 
ranges of molecular weight of polymeric compounds of the invention are 
described above, as well as the preferred x/(x+y) or x/(x+z) ratios which yield 

20 varying molar amounts of boronic acid content. The invention includes polymers 
with an x/(x+y) or x/(x+z) ratio which yields a molar fraction of the boronic acid 
groups between from 0 to 28%. The effect on wet web strength within this 
range is shown in Figure 10. 

Preparation of BPVAM-HP-quar complexes 

25 The complex solutions of BPVAm and HP-guar complex were prepared by 

adding HP-guar to BPVAm solutions under stirring. Specifically, BPVAm was first 
dissolved in a pH buffer solution and HP-guar was first dissolved in water. Then, 
a small amount of the concentrated HP-guar solution was added to the BPVAm 
solution slowly in the presence of stirring to avoid aggregation. 
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The interaction between BPVAm and HP-guar was characterized by light 
scattering using a Lexel laser (wavelength 514 nm) equipped with a BI-9000 AT 
digital correlator (Brookhaven). The incident laser light power was 100 mw and 
the pinhole size of -the photo multiplier was 200 um in diameter. Both light 
5 scattering intensity and light scattering correlation were recorded at 90 degree 
angle. The hydrodynamic diameters of BPAm, HP-guar, and their complex were 
calculated from their light scattering correlations by the exponential method 
using software BI9000AT version 6.1. 

Use of BPVAm in cellulose films 

10 Laminates made from regenerated cellulose films were used to as a model 

for fiber-fiber bonds in paper. Spectra/Por cellulose tubes were first cut into 
strips of width 2 cm and length 6 cm and then stored in water. Three variations 
of deiamination procedures were conducted to test the influence of BPVAm 
addition on the adhesion forces between two cellulose films. 

15 The first procedure, designated "soaking", was used to simulate paper wet 

web strength testing. During the test, the cellulose films were first soaked In 
BPVAm or BPVAm and HP-guar complex solutions in buffer for 10 minutes. Next, 
the cellulose films were rinsed using the same pH buffer solution to remove un- 
adsorbed polymers. Two pre-treated films were laminated by presses between 

20 blotting paper at 1.73 x 10 6 Pa for three minutes. After pressing, the peel force 
to separate the two films was measured immediately using an Instron 4411 
Universal Tester with a load cell of 50 N. A nominal peeling geometry of 90 
degrees was obtained by peeling from a homemade aluminum free-rotating 
wheel (38 mm wide, 140 mm in diameter with a SKF-6,8-2RSl radial bearing). 

25 The peel speed was set at 20 mm/min. 

The second procedure, designated "coating", was also used to simulate 
paper wet web strength testing. The difference between "soaking" method and 
"coating" method was the way that BPVAm was applied onto the surfaces of 
cellulose films. For "coating" method, two cellulose films were removed from 

30 water and patted dry with Kimwipes tissue paper to remove residual surface 
liquid. 15 uL BPVAm solution (or BPVAm and HP-guar complex solution) was 
dropped on the surface of one film. The second film was then placed on the top 
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of the first film. Care was taken to ensure an even distribution of polymer 
solution between of the two films. Afterwards, the two films were pressed and 
peeled using the 90 degree peel test. By using "coating" method, a known and 
controllable amount of polymer solution can be added in between two cellulose 
5 films. 

The third set of experiments, designated "coating and drying", were to 
simulate paper wet strength testing. The only difference between this method 
and "coating" method was that the two films were dried at room temperature for 
24 hours after being pressed. Then, the two films were re-soaked in buffer 
10 solution for 30 minutes before the 90 degree peel test. The re-soaking buffer 
solution was the same as the buffer solution used to dissolve BPVAm. 

Results 

The interaction between BPVAm M8182-1 (see Table 1) and HP-guar at 
pH=7.3 was characterized using light scattering technique and the results are 

15 shown in Table 2. The hydrodynamic diameters of BPVAm and HP-guar were 136 
nm and 165 nm respectively. Upon mixing, the two polymers associated to form 
aqueous complexes with an average hydrodynamic diameter of 237 nm. Light 
scattering Intensities were also recorded to verify the interaction between BPVAm 
and HP-guar. The light scattering intensity of the complex solution was 109 kcps 

20. (kilo-counts per second) which was much greater than the summation (70 kcps) 
of the light scattering intensities of the two polymer solutions, confirming the 
association between BPVAm and HP-guar. 

The cellulose films were treated with BPVAm using the "soaking" method 
in which two films were soaked in BPVAm and HP-guar complex solution and 

25 then rinsed with fresh buffer solution yielding, we presume, adsorbed 
monolayers. Table 3 summarizes the 90 degree delamination peel force results. 
The no-polymer- control had a peel force of 3.3 N/m probably caused by the 
capillary force between the two films. When treated with the complex solution of 
M8182-1 (M-1.5 MDa) and HP-guar, the peel force increased to 22.4 N/m. For 

3D comparison, the peel tests were also conducted on the films that had been pre- 
treated with unmodified PVAm 105 (M=150 MDa) and with chitosan (medium 
molecular weight). Chitosan was reported to be able to increase paper wet web 
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strength at neutral pH conditions. Since chitosan did not dissolve in water at 
pH=7.3, the films were first treated using a chitosan solution with a pH value of 
5 (0.015 M MES). Then, the films were rinsed using a buffer solution of pH=7.3. 
As shown, PVAm and chitosan only increased the peeling strength slightly to 5.5 
5 N/m and 7.2 N/m respectively. 

Table 4 shows that BPVAm polymers- could increase the peel force of 
cellulose film laminates at pH = 7.3 even in the absence of HP-guar. The 
laminates were prepared using the "soaking" method. The two BPVAm polymers 
used were M105-1 prepared by the "grafting" method and B-PVAm-1 prepared 

10 by the "copolymerization" method. Both polymers have a boronic acid content of 
around 4%, It was clear that both BPVAm polymers increased the peel force 
significantly from 3.3 N/m to 11.5 N/m, 

Figure 9 shows the effect of HP-guar addition on BPVAm M105-1 adhesion 
for cellulose films using the "soaking" method. Since most modern papermaking 

15 processes are carried out at alkaline or neutral conditions, the defamination peel 
forces were measured at pH=7.3 and pH=9.0. At pH=7.3, increasing HP- 
guar/M105-l mass ratio from 0 to 0.6 did not affect the peel force, which 
remained at around 12 N/m. On the other hand, the peel force increased from 
24.3 N/m to 36.4 N/m when HP-guar/M105-l mass ratio was increased from 0 to 

20 0.3 at pH=9.0. 

Figure 10 shows that the ability of BPVAm polymers to increase cellulose 
adhesion depended on their boronic acid content. In this experiment, cellulose 
film laminates were prepared using "soaking" method at pH = 7.3. The BPVAm 
polymers used were synthesized by grafting 4-carboxyphenylboronic acid to 

25 polyvinylamine 105 (150 kDa). When the boronic acid content was increased 
from 4% to 28%, the delamination peel force increased from 11.6 N/m to 41.2 
N/m. 

Figures 11 and 12 show the effect of pH on BPVAm adhesion for cellulose 
films. In Figure 11 cellulose films were treated with M8182-1 and HP-guar 
30 complex solution using the "soaking" method. The complexes increased the 
delamination peel force to 12.3 N/m even at pH=3. When pH was raised above 
8, the peeling strength increased dramatically and reached 75.7 N/m at 
pH=10.3. In Figure 12, cellulose films were treated with M105-1 and HP-guar 
complex solution using the "coating" method. The total polymer concentration 
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between two films was calculated to be around 8 mg/m 2 cellulose surface, which 
was much higher than 1 mg/m 2 , the concentration of adsorbed polymers with 
one mono-layer. Increasing solution pH from 3.0 to 9.5 increased peel force 
from around 41.3 N/m to 68.7 N/m. It is worth to note that such peel force 
5 increase was rather gradual in comparison with the sharp peel force increase at 
neutral pH when films were treated using "soaking" method. 

Figure 13 shows the determination peel forces of cellulose films treated 
using the "coating and drying" method. In this method, cellulose films were first 
treated using the "coating" method. After being pressed, they were dried at 

10 room temperature for 24 hours and then re-soaked in buffer solution for 30 
minute before the 90 degree peel force measurements. The objective was to 
evaluate the potential of BPVAm and HP-guar complexes to increase paper wet 
strength. The pH of all the polymer solutions was adjusted to 9.5 using 0.015 M 
bicarbonate buffer. When 6 mg/m 2 polyvinylaminei04 (M=34 kDa) were added 

15 in between two films, the deiamination pee! force was only 2.4 N/m. However, 
the same amount of BPVAm M104-1 increased the peel force to 8.8 N/m. In 
addition, introducing 0.3 g/L HP-guar to 1 g/L M014-1 further increased the peel 
force to 14.7 N/m. 

• Table 1. The recipes for preparing boronic acid - containing polyvinylamlne and 
20 the percentages of amine groups grafted with phenylboronic acid (grafting 
percentage). The reactions were conducted in 0.1 M MES buffer (pH=6.1) at 
room temperature for two hours. The boronic acid molar content refers to the 
average molar percentages of monomer units containing boronic acid of BPVAm 
polymers. 



Sample 
name 


Preparation 
method 


Polyvinylamine 


4 - 

carboxyp 
henylbor 
onic acid 


EDC 


Boronic 
acid 
molar 
content 


M104-1 


Grafting 


3.1 g/L 104 (34 
kDa) 


1.5 g/L 


38.5 g/L 


5% 


M105-1 


Grafting 


4.0 g/L 105 
(150 kDa) 


2.0 g/L 


50.0 g/L 


4% 


M105-2 ■ 


Grafting 


4.0 g/L 105 
(150 kDa) 


4.6 g/L 


75 g/L 


13% 


M105-3 


Grafting 


2.0 q/L 105 


4.0 g/L 


50.0 g/L 


28% 
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(150 kDa) 








M8182-1 


Grafting 


4.0 g/L 8182 
(1.5 MDa) 


2.0 g/L 


50.0 g/L 


5% 


B-PVAm-1 


Copolymerization 








4% 



Table 2. Light scattering measurements of HP-guar, M8182-1, and their 
complexes. Ai! the measurements were conducted in 0.015 M MES buffer 
(pH=7.3) at 25°C. The error limits are the standard deviations of the mean 
5 based on five measurements. 



Sample 


Scattering intensity 
fkcos) 


Hydrodynamic 
diameter (nm) 


167 mq/L M8182-1 


61.7 


165 ± 6 


50 mq/L HP-guar 


9.0 


136 ± 9 


167 mg/L M8182-1 + 50 mg/L HP- 
quar 


109.4 


237 ± 17 



Table 3. The 90 degree domination peel force of two cellulose films treated 
usinq the "soaking" method. All the polymer solutions contained 0.015 M MES 
buffer. The pH value of chitosan solution was 5.0 and the pH values of the 
remaining polymer solutions were 7.3. The cellulose films were rinsed using 
10 0.015 M MES buffer (pH=7.3) after they were soaked in polymer solution. 



Sample 


Peel force (N/m) 


Buffer solution 


3.3 ± 0.2 


500 mg/L potyvinylamine 105 


5.5 ± 0.4 


250 mg/L chitosan 


7.2 ± 0.3 


Son ma/L M105-1 + 110 mq/L HP-quar 


16.7 ± 2.6 


167 mq/L M8182-1 + 50 mq/L HP-quar 


22.4 ± 1.7 



Table 4. The 90 degree- examination peel force of two cellulose films treated 
using the "soaking" method. All the polymer solutions contained 0.015 M MES 
(pH = 7.3). 



WO 20U6/010208 



- 19 - 



PCT/CA2005/0U1186 



Sample . 


Peel force (N/m) 


Buffer solution 


3.3 ±0.2 


50 mg/L M 105-1 (4% boronic acid . 
content) (prepared by grafting) 


11.6 ± 0.5 


50 mg/L B-PVAm (4% boronic acid 
content) (prepared by copolymerization) 


11.4 ± 0.8 



Table 5. The Peeling force results of partially hydrolysed PNVF-boronate using 
soaking method. The molecular weight of partially hydrolysed PNVF is 150,000. 
The sample names refer to the degree of hydrolysing, for example B10 has a 
hydrolysed degree of 10%. The pH value and ionic concentration were adjusted 
by Tris buffer and NaCi, respectively. The error limits are the standard 
deviations of the mean based on four measurements. 



Sample 
name 


NH 2 content 
of BPNVF 
(Molar %) 


NHCO content 
of BPNVF 
(Molar %) 


Boronic acid 
content of BPNVF 
(Molar %) 


PF(N/m) 


B10 


20.9% 


75.7% 


3.4% 


3.33DD0.67 


B30-1 


45.95% 


45.1% 


8.95% 


17.15DD0.44 


B30-2 


41.98% 


45.1% 


3.98% 


9.24nO0.21 


B 50 


50.15% 


36.9% 


9.55% 


52.35DD1.85 
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CLAIMS: 

1. A polymeric compound of general formula: 




wherein Ri and R 5 are each independently selected from H, Ci to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom; 

Ri, R 3 , Rg and R 7 are each independently selected from H, d to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom or R 2 and R 3 and/or R 6 
and R 7 are together involved in a ring which is optionally substituted; 
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Q is selected from C ± to C i2 branched or non-branched alkyl, substituted or non- 
substituted cyclic alkyl, substituted or non-substituted phenyl and substituted or 
non-substituted fused alkyl or phenyl ring, optionally Q bears a cationic group, 
an anionic group or is a ring including a hetero atom, or boron connects to the 
polymer backbone in the absence of Q; and 

x, y and z are the numbers of the repeating monomer units. 

2. A polymeric compound of genera! formula:' 




HO OH 

2 



wherein R ± and R s are each independently selected from H, d to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or ■ 
non-substituted aryl, and a ring containing a heteroatom; 

R 2 , R3, R 5 and R 7 are each independently selected from H, Ci to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom or R 2 and R 3 and/or R 6 
and R 7 are together involved in a ring which is optionally substituted; 



m = 0, 1, 2, 3 or 4; 
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Ri are each independently selected from H, d to C 6 branched or non-branched 
alkyl, substituted or non-substituted cyclic alkyl, substituted or non-substituted 
phenyl, cationic group, anionic group, neutral group, and a ring including a 
hetero atom; and 

x, y and z are as defined in claim I. 

3. A polymeric compound of general formula: 




wherein Ri and R 5 are each independently selected from H, Ci to C 6 branched or 
non-branched alkyl, substituted or non -substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom; 

R 2f R 3 , R 6 and R 7 are each independently selected from H, d to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom or R 2 and R 3 and/or R 5 
and R 7 are together involved in a ring which is optionally substituted; 

m = 0, 1, 2, 3 or 4; 

Ri are each independently selected from H, Ci to C 6 branched or non-branched 
alkyl, substituted or non-substituted cyclic alkyl, substituted or non-substituted 
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phenyl, cationic group, anionic group, neutral group, and a ring including a 
hetero atom; and 

x, y and z are as defined in claim 1. 

4. A polymeric compound of formula: 




3 



wherein x, y and z are as defined in claim 1. 

5. A polymeric compound according to any one of claims 1 to 4, wherein z=0. 

6. A polymeric compound according to any one of claims 1 to 4, wherein 
y=0. 

7. A polymeric compound of general formula: 
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wherein R'i is selected from H, d to C 6 branched or non-branched alkyl, 
substituted or non-substituted cyclic alkyl, substituted or non-substituted aryl, 
and a ring containing a heteroatom; 

Q' is selected from Ci to C 12 branched or. non-branched, substituted or non- 
substituted cyclic aikyl, substituted or non-substituted phenyl and substituted or 
non-substituted fused alkyl or phenyl ring, optionally Q bears a cationic group, 
an anionic group or is a ring Including a hetero atom, or boron connects to the 
polymer backbone in the absence of Q; and 

x and y are the numbers of repeating monomer units. 

8. A polymeric compound of general formula: 
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HO OH 

5 



wherein Ri' is selected from H, Ci to C 6 branched or non-branched alkyl, 
substituted or non-substituted cyclic alkyl, substituted or non-substituted aryl, 
and a ring containing a heteroatom; 

R'i each independently selected from H, C x to C 6 branched or non-branched alkyl, 
substituted or non-substituted cyclic alkyl, substituted or non-substituted phenyl, 
cationic group, anionic group, neutral group, and a ring including a hetero atom; 

m = 0, 1, 2, 3 or 4; and 

x and y are as defined in claim 7. 



9. 



A polymeric compound of general formula: 
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wherein R'i is selected from H, Ci to C 6 branched or non-branched alkyl, 
substituted or non-substituted cyclic alkyl, substituted or non-substituted aryl, 
and a ring containing a heteroatom; 

R'i each independently selected from H, Ci to C 6 branched or non-branched alkyl, 
substituted or n on -substituted cyclic alkyl, substituted or non-substituted phenyl, 
cationic group, anionic group, neutral group, and a ring including a hetero atom; 

m = 0, 1, 2, 3 or 4; and 

x and y are. as defined in claim 7. 

10, A polymeric compound of general formula: 
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6 



wherein x and y are as defined in claim 7. 

11. A polymeric compound as defined in any one of claims 1 through 10, 
wherein the ratio x/(x+y) or x/(x+z) or x/(x+y+z) yields a boronic acid content 
of between 0 and 30% by molar ratio, 

12. A polymeric compound as defined in claim 11, wherein said ratio yields 
between 4% and 28%. 

13. A polymeric compound as defined in claim 12, wherein said ratio yields 
between 5% and 10%. 

14. A polymeric compound as defined in any one of claims 1 to 5 and 7 to 13, 
wherein the NH 2 content is between 10 to 70% moiar. 

15. A polymeric compound as defined in claim 14 r wherein the NH 2 content is 
between 40 to 50% molar. 

16. A polymeric compound as defined in any one of ciaims 1 to 4 and 6, 
wherein the NHCO content is between 30 to 90% molar. 
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17. A polymeric compound as defined in claim 16, wherein the NHCO content 
is between 30 to 50% molar. 

18. A process for the preparation of a polymeric boronic acid derivative which 
comprises: 

a. reacting a vinyl-containing boronic acid with a N-vinyl amide to 
obtain a polyamide boronic acid derivative; and 

b. hydrotyzing the amide to yield the polymeric boronic acid derivative. 

19. A process for the preparation Of a polyamine boronic acid derivative which 
comprises reacting a polyamine with a boronic acid-containing compound to yield 
the polyamine boronic acid derivative. 

20. Use of a compound selected from the group consisting of polyamine 
boronic acid derivative, polyamide boronic acid derivative, polyamine polyamide 
boronic. acid derivative, polyamino acid boronic acid derivative, catlonic boronic 
acid-containing polymer, anionic boronic acid-containing polymer, neutral boronic 
acid-containing polymer, and modified particles from boronic acid introduced on 
the surfaces of latex particles, microgei particles, or inorganic particles, for 
increasing the wet web strength of paper In a paper-making process. 

21. Use of a compound selected from the group consisting of boronic acid- 
containing polyvinylamine, boronic acid-containing polyamide, boronic acid- 
containing polyamine polyamide, boronic acid-containing polymethylvinylamine, 
boronic acid-containing polyallylamine, boronic acid-containing 
polyethyleneimine, boronic acid-containing poly(N,N-dimethyl-aminoethy! 
methacrylate), boronic acid-containing poly(N,N-dimethyl-aminoethyl acryfate), 
boronic acid-containing poly(4-aminostyrene), polyCdiallyldimethylammonium), 
boronic acid-containing polyvinylpyridine, and chitosan, for increasing the wet 
web strength of paper In a paper-making process. 

22. Use of a compound selected from the group consisting of boronic acid- 
containing polyfacrylic acid), boronic acid-containing poly(methacry!ic acid), 
boronic acid-containing poly(maleic acid), boronic acid-containing polystyrene 



WO 2006/010268 



- 30- 



PCT/CA2005/001186 



sulfonate, boronic acid-containing polyvihylsulfate, and boronic acid-containing 
polyvinylphosphate, for increasing the wet web strength of paper In a paper- 
making process. 

23. Use of a compound selected from the group consisting of boronic acid- 
containing polyacrylamide, boronic acid-containing poly(N-isopropylacrylamide), 
boronic acid-containing poly(ethylene oxide), boronic acid-containing 
polymethacrylamide, and boronic acid-containing poly(N-vinylpyrrolidinane), for 
increasing the wet web strength of paper in a paper-making process. 

24. Use of a complex comprising a hydroxyl-containing macromolecule and a 
compound according to any one of claims 1 to 10 and 20 to 23. 

25. Use of a complex comprising a compound according to any one of the 
claims 1 to 17 and a compound selected from the group consisting of cationic 
water soluble polymers, anionic water soluble polymers, nonionic water soluble 
polymers, latex particles, microgel particles, water soluble carbohydrates, 
hydroxypropyl guar, and inorganic particles. 

26. A process of treating a cellulose film comprising: 

a. providing a solution of a compound according to any one of the 
claims 1 to 17 or a complex solution according to any one of the claims 24 and 
25 in a pH buffer solution; 

b. soaking the cellulose film in the solution; and 

c. rinsing the cellulose film using the pH buffer solution. 

27. A process according to claim 26 further comprising the steps of: 

d. pressing against one another two cellulose films obtained from steps 
a) through c); and 

e. separating the two films while measuring the peel force. 

28. A process according to claim 26 or 27, wherein said treatment involves 
improving characteristics of the film, said characteristics being selected from 



WO 2006/010268 PCT/CA20U5/U01186 
-31- 

paper wet web strength, paper wet strength, flocculation, coating formulation, 
adhesive, and underwater adhesive. 
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AMENDED CLAIMS 

[received by the International Bureau on 06 January 2006 (06.01 .2006); 
original claims 1-28 replaced by new claims 1-28 (11 pages)] 




1A 



wherein Ri and R s are each Independently selected from H, Ci to Cs branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryf, and a ring containing a heteroatom; 

Rz, Rs, Re and R 7 are each independently selected from H, C t to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom or R 2 and R3 and/or R s 
and R 7 are together involved in a ring which is optionally substituted; 

R 9 fs H or a C t to C 6 branched or non-branched alkyl; 
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Q is selected from C a to c lz branched or non-branched alkyl, substituted or non- 
substituted cyclic alkyl, substituted or non-substituted phenyl and substituted or 
non-substituted fused alkyl or phenyl ring, optionally Q bears a cationic group, 
an anionic group or is a ring including a hetero atom; and 

x, y and z are the numbers of the repeating monomer units and are each 
independently selected from 0 and a number > 1. 

2. A polymeric compound of general formula 2: 



wherein Ri and R s are each independently selected from H, C x to C 6 branched or 
non-branched alkyl, substituted or non-substituted cyclic aikyl, substituted or 
no n -substituted aryl, and a ring containing a heteroatom; 

Ri, R3/ Re and R 7 are each independently selected from H ( d to C s branched or 
non-branched alkyl, substituted or non -substituted cyclic alkyl, substituted or 
non-substituted aryl, and a ring containing a heteroatom or R 2 and R 3 and/or R 6 
and R 7 are together involved in a ring which is optionally substituted; 

Rs is H or a C x to C 6 branched or non-branched alkyl; 

m = 0, 1, 2, 3 or 4; 




2 
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RI are each independently selected from H, Ci to C 6 branched or non-branched 
alkyi, substituted or non-substituted cyclic alkyi, substituted or non-substituted 
phenyl, catlonlc group, anionic group, neutral group, and a ring including a 
hetero atom; and 

x, y and z are as defined in claim 1. 

3. A polymeric compound of general formula 2A: 



wherein R : and R 5 are each independently selected from H r Ci to C s branched or 
non-branched alky I, substituted or non-substituted cyclic alkyi, substituted or 
non-substituted aryl, and a ring containing a heteroatom; 

Rz, R.3, Re and R? are each independently selected from H, Ci to Cs branched or 
non-branched alkyi, substituted or non-substituted cyclic alkyi, substituted or 
non-substituted aryl r and a ring containing a heteroatom or R 2 and R3 and/or R s 
and R 7 are together involved in a ring which is 'optionally substituted ; 

R 8 Is H or a d to Q branched or non-branched alkyi; 

m = 0, 1, 2, 3 or 4; 




2A 
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Ri are each independently selected from H, Ci to Ce branched or non-branched 
alkyl, substituted or non-substituted cyclic alkyl, substituted or non-substituted 
phenyl, catlonic group, anionic group, neutral group, and a ring including a 
hetero atom; and 

x, y and z are as defined in claim 1. 

4, A polymeric compound of formula 3: 




wherein x, y and z are as defined in claim 1. 

5. A polymeric compound according to any one of claims 1 to 4, wherein z=0. 

6. A polymeric compound according to any one of claims 1 to 4, wherein 
y»0. 

7. A polymeric compound of general formula 4: 
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wherein R'j is selected from H, C a to C 6 branched or non-branched alkyl, sub- 
stituted or non-substituted cyclic alkyl, substituted or non-substituted aryl, and a 
ring containing a heteroatom; 

Q' is selected from Ci to C 12 branched or non-branched, substituted or non- 
substituted cyclic alkyl, substituted or non-substituted phenyl and substituted or 
non-substituted fused alky! or phenyl ring, optionally Q' bears a cation re group, 
an anionic group or is a ring including a hetero atom; and 

x end y are the numbers of repeating monomer units and are each Independently 
selected from 0 and a number £ 1. 

8. A polymeric compound of general formula 5: 
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HO OH 
5 



wherein iV is selected from H, Ci to C& branched or non-branched alkyi, 
substituted or no n -substituted cyclic alkyl, substituted or non-substituted aryl, 
and a ring containing a heteroatom; 

R'i each independently selected from H, Ci to C 6 branched or non-branched alkyl, 
substituted or non-substituted cyclic alkyl, substituted or non-substituted phenyl, 
cationic group, anionic group, neutral group, and a ring including a hetero atom; 

m = 0, 1, 2, 3 or 4; and 

x and y are as defined in claim 7. 

9. A polymeric compound of general formula 5A: 
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wherein R'i is selected from H, d to C s branched or non-branched alkyl, substi- 
tuted or non-substituted cyclic alkyl, substituted or non-substituted aryl, and a 
ring containing a heteroatom; 

R'i each independently selected from H, Ci to C& branched or non-branched alkyl, 
substituted or non-substituted cyclic alky!, substituted or non-substituted phenyl, 
catlonic group, anionic group, neutral group, and a ring Including a hetero atom; 

m - 0, 1, 2, 3 or 4; and 

x and y are as defined in claim 7, 

10, A polymeric compound of general formula 6: 
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wherein x and y are as defined in claim 7. 

11. A polymeric compound as defined In any one of claims 1 through 10, 
wherein the ratio x/(x+y) or x/(x+z) or x/(x+y+z) yields a boronic acid content 
of between 0 and 30% by molar ratio. 

12. A polymeric compound as defined in claim 11, wherein said boronic acid 
content is between 4% and 28%. 

13. A polymeric compound as defined in claim ll f wherein said boronic acid 
content Is between 5% and 10%. 

14. A polymeric compound as defined in any one of claims l to 5 and 7 to 13, 
wherein the NH 2 content is between 10 to 70% molar. 

15. A polymeric compound as defined In claim 14, wherein the NH 2 content is 
between 40 to 50% molar. 

16. A polymeric compound as defined In any one of claims 1 to 4 and 6, 
wherein the NHCO content is between 30 to 90% molar. 
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17. A polymeric compound as defined in claim 16, wherein the NHCO content 
ts between 30 to 50% molar. 

IS. A process for the preparation of a polymeric boronic add derivative which 
comprises: 

a. reacting a vinyl-containing boronic acid with a N-vinyl amide to 
obtain a polyamide boronic acid derivative; and 

b. hydrolyzing the amide to yield the polymeric boronic acid derivative. 

19. A process for the preparation of a palyamine boronic acid derivative which 
comprises reacting a polyamine with a boronic acid-containing compound to yield 
the polyamine boronic acid derivative. 

20. Use of a compound selected from the group consisting of polyamine 
boronic acid derivative, polyamide boronic acid derivative, polyamine polyamide 
boronic acid derivative, polyamino acid boronic acid derivative, catlonic boronic 
acid-containing polymer, anionic boronic acid-containing polymer, neutral boronic 
acid-containing polymer, and modified particles from boronic acid introduced on 
the surfaces of latex particles, microgel particles, or inorganic particles, for 
increasing the wet web strength of paper in a paper-making process. 

21. Use of a compound selected from the group consisting of boronic acid- 
containing polyvinylamine, boronic acid-containing polyamide, boronic acid- 
containing polyamine polyamide, boronic acid-containing polymethylvinylamine, 
boronic acld-contalning polyallylamine, boronic acid-containing 
polyethyleneimine, boronic acid-containing poly(N,N-dirnethyl-arnfnoethyl 
methacrylate), boronic acid-containing poly(N,N-dimethyl-aminoethyl acrylate), 
boronic acid-containing poly(4-aminostyrene), poly(diallyldimethylammonlum), 
boronic acid-containing polyvinylpyridine, and chitosan, for Increasing the wet 
web strength of paper in a paper-making process. 

22. Use of a compound selected from the group consisting of boronic acid- 
containing poly(acrylic acid), boronic acid-containing poly(methacrylic acid), 
boronic acid-containing poly(maieic acid), boronic acld-containlng polystyrene 
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sulfonate, boronic add-containing polyvinylsulfate, and boronic add-containlng 
polyvinylphosphate, for Increasing the wet web strength of paper in a paper- 
making process. 

23. Use of a compound selected from the group consisting of boronic acid- 
containing polyacrylamide, boronic acid-containing poly(N-isopropylaerylamide), 
boronic acid-containing poiy(ethyiene oxide), boronic acid-containing polymeth- 
acryJamide, and boronic acld-contalnlng poly(N-vinylpyrrolidinone), for Increasing 
the wet web strength of paper in a paper-making process. 

24. Use of a complex comprising a hydroxyl-containing macromoiecule and a 
compound according to any one of claims 1 to 10 and 20 to 23, for increasing the 
wet web strength of paper in a paper-making process. 

25. Use of a complex comprising a compound according to any one of the 
claims 1 to 17 and a. compound selected from the group consisting of cationic 
water soluble polymers, anionic water soluble polymers, nonionic water soluble 
polymers, latex particles, microgel particles, water soluble carbohydrates, 
hydroxypropyl guar, and inorganic particles, for increasing the wet web strength 
of paper in a paper-making process. 

26. A process of treating a cellulose film comprising: 

a. providing a solution of a compound according to any one of the 
claims 1 to 17 or a complex solution according to any one of the claims 24 and 
25 In a pH buffer solution ; 

b. soaking the cellulose film in the solution; and 

c. rinsing the cellulose film using the pH buffer solution. 

27. A process according to claim 26 further comprising the steps of: 

d. pressing against one another two cellulose films obtained from steps 
a) through c); and 

e. separating the two films while measuring the peel force. 
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28. A process according to claim 26 or 27, wherein said treatment involves 
improving characteristics of the film, said characteristics being selected from 
paper wet web strength, paper wet strength, flocculation, coating formulation, 
adhesive, and underwater adhesive. 
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